Cytokines expression can be influenced by polymorphisms in their respective coding genes. We associated the CTI/TTD haplotype (Hap-1) and TCI/CCI haplotype (Hap-2) in the IL4 gene formed by the − 590, +33 and variable number of tandem repeat polymorphisms with the severity of chronic periodontitis in humans. The functionality of these IL4 haplotypes in the response of immune cells to phorbol 12-myristate 13-acetate (PMA) with Ionomycin and IL-1β (as inflammatory stimuli) was evaluated. Gene expression (quantitative real-time PCR), profile of secreted cytokines (multiplex) and phenotypic polarization of T cells (flow cytometry) were the outcomes assessed. Green fluorescent protein reporter plasmid constructs containing specific IL4 haplotype were transiently transfected into JM cells to assess the influence of the individual haplotypes on promoter activity. In response to inflammatory stimuli the immune cells from Hap-1 haplotype had increased expression of anti-inflammatory IL4; conversely, the Hap-2 haplotype showed higher levels of pro-inflammatory cytokines. The haplotype CTI proved to be the most important for the regulation of IL4 promoter, regardless of the nature of the inflammatory stimulation; whereas the polymorphism in the promoter region had the least functional effect. In conclusion, IL4 haplotypes studied are functional and trigger opposite immune responses: anti-inflammatory (Hap-1) and pro-inflammatory (Hap-2). In addition, we identified the CTI haplotype as the main responsible for the regulation of IL4 transcriptional activity.
INTRODUCTION
DNA polymorphisms are ubiquitous genetic variations among individuals and include single-nucleotide polymorphisms (SNPs), insertions and deletions (indels), and other larger rearrangements. 1 They differ from mutations because of their higher frequency in the general population (41%). Gene polymorphisms may cause significant changes in function by altering the levels or activities of their specific proteins. 2 The relationships between polymorphisms in immune system genes and multifactorial disease have been reviewed previously. 3 Moreover, differences in cytokine levels have been attributed to polymorphisms in their respective genes, as demonstrated by interleukin-1 (IL-1), 4 IL-10, 5, 6 IL-6 (ref. 7) and IL-4. 8 Interleukin 4 (IL-4) is a major immunomodulatory cytokine, mainly involved in adaptive immunity. It inhibits the secretion of pro-inflammatory cytokines such as IL-1, IL-6 and tumor necrosis factor (TNF), which potently downregulates macrophage function. Moreover, IL-4 acts as a mitogen of B cells and enhances the secretion of immunoglobulin G and immunoglobulin E (IgE), 9 promoting humoral response associated with Th2-type responses. 10 IL-4 is coded by the IL4 gene of~10 kb in size and comprises four exons (GenBank accession no. M23442). The gene is located on chromosome 5q31.1 11 together with other Th2-related cytokine genes, such as IL-3, -5, -9, -13 and - 15. 12 Polymorphisms in the IL4 gene have been investigated and were associated with a variety of diseases characterized by modulation of the immune response, including asthma, 13, 14 lupus erythaematosus, 15 rheumatoid arthritis, 16 preeclampsia, 17, 18 coronary artery disease, 19, 20 gastric cancer 21, 22 and diabetes mellitus. 23 Some of the most investigated polymorphisms in the IL4 gene are: the − 590(T/C; promoter region, rs2243250), +33(C/T, 5′-untranslated region (UTR) or − 34 counted from the start codon; rs2070874) and VNTR (variable number of tandem repeats; insertion (I)/deletion (D) of 70 base pairs in intron 3, or indel, rs2234665) ( Figure 1a) . However, the analysis of an individual polymorphism may not detect an association with a disease or clinical condition. In fact, we reported on the lack of association between the -590 (SNP) in the IL4 gene promoter and the prevalence of chronic periodontitis (CP) in a Brazilian population. 24 Encompassing genetic analysis including various polymorphisms in linkage disequilibrium (LD) (instead of the study of an individual polymorphism) is more robust in the study of genetic basis for diseases. 25 The three commonly studied polymorphisms in the IL4 gene are in physical proximity on the chromosome 5q31.1, composing haplotypes based on the LD among the polymorphisms. Strong LD was observed for example in an American population, 26 while perfect LD was observed in Japanese 27 and Dutch 28 populations. When we investigated a larger Brazilian population focusing on IL4 polymorphisms, we found haplotypes, 29 such as CTI (formed by -590C (first allele, 'C'), +33 T (second allele, 'T'), and the third allele by the Insertion of 70 base pairs ('I', 3 repetitions of 70 bp = the larger haplotype) of the Indel VNTR in intron 3). Considering the pair of homologous chromosomes, the haplotypes can be accessed as genotypes, for example, the haplotype CTI/TTD means that the CTI haplotype resides on one of the chromosome 5q31.1, while the TTD haplotype resides on its homologous chromosome. Our previous study of a Brazilian population 29 . Interestingly, we verified that Brazilian individuals carrying the haplotype TCI/CCI were five times more susceptible to CP (odds ratio (OR) adjusted = 5.27, 95% confidence interval (CI) = 2.28-12.18), whilst those carrying the CTI/TTD were markedly less susceptible to CP (OR) adjusted = 0.29, 95% CI = 0.08-0.88), after adjusting for confounding variables. 29 These or other polymorphism combinations forming IL4 haplotypes have been investigated also in relation to CP 30 and other diseases such as chronic obstructive pulmonary disease, 28 common variable immunodeficiency, 31 asthma 32 and multiple sclerosis. 26 Besides identifying associations between genetic variations and various diseases/conditions, the investigation of the biological functionality of these haplotypes is of paramount relevance to the understanding of the biological mechanism and obtain insight into therapeutic/preventive intervention strategies. Nevertheless, studies demonstrating a functional role for genetic variations in the IL4 gene, as individual polymorphisms (for example, the − 590 SNP 33 ) or arranged as haplotypes; 8, 34 have been influenced by different study designs. mRNA and protein levels are influenced both by cell type and stage of differentiation and also by the microenvironment. 35 In the present study, we aimed to investigate the biological functionality of IL4 haplotypes CTI/TTD (Hap-1:
, not because the LD among the polymorphisms, but because the previous significant finding of TCI/CCI were five times more susceptible to CP in a Brazilian population. 29 The genetic results of that study 29 a difference between heterozygous indel in intron 3 or a homozygous insertion. We assessed the influence of these haplotypes in the response of immune cells to two distinct inflammatory stimuli, IL-1β and phorbol 12-myristate 13-acetate (PMA), verifying gene expression at mRNA and protein levels and immune cell polarization. We also determined the specific influence of each individual haplotype on IL4 gene promoter activity using gene reporter constructs.
RESULTS

Subjects
Hap-1 or Hap-2 variations in the IL4 gene of the donors was confirmed by sequencing. There were no differences in age (Hap-1: 42.8 ± 11.0 years standard deviation; Hap-2: 42.6 ± 10.4) and gender (four female: two male in each group) between the six Hap-1 and six Hap-2 donors (P40.05).
Influence on selected inflammatory gene expression according to the cell type Initially, to provide some mechanistic insight into the functionality of the haplotypes on the response of individual immune cells to inflammatory stimuli, we assessed mRNA expression of IL4, IL8, IL12 and TNF-α by neutrophils, monocytes and lymphocytes separately, as shown in Figure 2 . Expression of IL4 induced by both stimuli was significantly higher in the Hap-1 group compared with the Hap-2 group for all immune cell types: neutrophils (Figure 2a Influence of IL4 haplotypes on cytokine production by peripheral immune cells Cytokine production at the protein level was assessed in whole blood, in order to account for 'global' effect of the different haplotypes, including the interactions between the different immune cells and provide information that is more relevant from a perspective of the influence of these haplotypes on immune regulation. In the inflammatory panel, we observed significantly increased levels of pro-inflammatory cytokines IL-8 and TNF-α in the Hap-2 group. There were no differences in the GM-CSF levels, and higher levels of IL-1RA were observed in the Hap-1 group (Figure 3a) . IL-4 was significantly greater in the Hap-1 group, while IFN-γ concentrations were higher in the Hap-2 group (Figure 3b) . Also, significantly higher levels of IFN-α and IL-12 were observed in the Hap-2 group (Figure 3c ). Regarding the chemokine panel, the Hap2-genotype was associated with significantly higher levels of Eotaxin, IP-10, MIG, MIP-1α and RANTES after stimulation with PMA/I (Figure 3d ).
IL4 haplotytes and phenotypical polarization immune cells
There is a nonsignificant but noticeable trend towards a shift to the M1 profile in macrophages from individuals presenting the Hap-1 haplotype (Figures 4b and c) . Monocytes from Hap-2 individuals showed significantly greater polarization towards the alternative M2 phenotype after stimulation (Figure 4d ). On the Relative functional importance of the individual genetic variations forming the haplotypes in the IL4 gene Different green fluorescent protein (GFP) reporter plasmid constructs, in which GFP expression was driven were: the (P) construct (containing only the promoter sequence of the IL4 gene, with T allele in the − 590 SNP), as well the other constructs containing the different individual polymorphisms that form the studied haplotypes (TCI, TTD, (represented the Hap-1), CCI and CTI (represented the Hap-2). Each construct was transiently transfected by electroporation/cationic reagents (Neon system, Invitrogen Corp, Carlsbad, CA, USA) in JM cells (human T lymphocytes). These cells were stimulated with PMA+I, IL-1β, as inflammatory stimuli and also with IL-4 and anti-IL-12 to induce a Th2-type response. The GFP reporter gene expression was assessed after 24 h by flow cytometry. In general, we observed that (P) promoter sequence of IL4 was associated with the lowest expression of GFP reporter after all stimuli (Figures 5a-c) . The CTI haplotype was the most important genetic variation, resulting in markedly increased expression of the GFP reporter gene in response to all stimuli (Figures 5a-c) .
DISCUSSION
In this study, we describe the functionality of different haplotypes in the IL4 gene, which affects the response of immune cells to inflammatory stimuli and, thus, may be of diagnostic, prognostic and therapeutic relevance for chronic inflammatory conditions. The selected blood donors presenting the two haplotypes studied had similar age and gender. We investigated the role of two IL4 haplotypes formed by the − 590(T/C), +33(C/T) and VNTR (indel) polymorphisms on gene expression and secretion of selected immune mediators upon inflammatory stimulation. We used an experimental approach that considered both the influence of IL4 haplotypes in different cell types individually (PMNs, monocytes, T cells) and on the net effect of interacting peripheral immune cells. Using GFP reporter plasmid constructs containing the different genetic variations that assemble into the distinct haplotypes in vivo, we determined the relative contribution of these genetic variations to IL4 promoter activity.
Nakashima et al. 35 also analyzed the functionality of the same haplotypes on the IL4 gene in peripheral CD4+ T cells after stimulation with PMA+I. IL-4 gene expression was increased in CD4+ lymphocytes from individuals with the TTD/TTD haplotype. Our results also indicate increased IL-4 gene expression in individuals from a distinct racial background ( Figure 2 ) and, moreover, we verified the functionality of this haplotype even in heterozygosity, as the donors in this study were heterozygous for this haplotype (CTI/TTD, Hap-1). Polymorphisms in the promoter region of IL4 gene can also be functional, as demonstrated by the increased IL4 and STAT6 mRNA levels, as well as IL-4 protein, in CD4+ cells of individuals with − 590TT and − 34TT IL4 genotypes. polymorphism), and our individuals had the CT/TT haplotype (part of Hap-1), which increased IL4 mRNA ( Figure 2 ) and protein ( Figure 3b ). Another study on the functionality of IL4 haplotypes reported increased production of IFN-γ by peripheral blood mononuclear cells (PBMCs) of individuals homozygous for − 590CC and VNTR-II. 34 Considering the high reported LD between these polymorphisms, these individuals might have the C_I haplotype. In our study, we observed that the CCI haplotype was associated with higher production of IFN-γ, suggesting a common functional effect associated with a C_I haplotype. It is worth taking into mind that the present functional comparisons between Hap-1 and Hap-2
compares [CT][TT][DI] with [CT][CC][II]
, then the differences between the groups could represent here a difference between homozygous − 33[C/C] versus − 33[T/T]SNP or a difference between heterozygous indel in intron 3 or a homozygous insertion. The present transcriptional and posttranscriptional gene regulation findings associated with the investigated IL4 haplotypes could be due to not only the polymorphisms that form the referred haplotypes but also they could be occurring by the influence of a LD of the IL4 gene polymorphisms with others extending over longer distances to other genes of the 5q31 cytokine gene cluster, such as the IL-3/-4/ -5/-9/-13/-15. 26 The association of PMA and ionomycin used for the stimulation of cells is potent, polyclonal and nonspecific, which induces cytokine production. PMA is an analog of diacylglycerol, a key mediator of multiple intracellular signaling pathways. 36 Ionomycin stimulates Ca 2+ release from the endoplasmic reticulum, activating Ca 2+ -sensitive enzymes and synergizing with PMA. 37, 38 IL-1β is the other 'inflammatory' stimulus used in this study, and engages IL-1R to trigger the expression of various inflammatory genes. 39 The rationale for using these two different stimuli (PMA+ionomycin . 40 Similarly, neutrophils and CD4 T cells may be polarized into distinct 'pro-inflammatory' (Th1, Th17 for CD4+ cells, N1 for PMNs) or anti-inflammatory/reparative phenotypes (Th2, Tregs for CD4+ cells; N2 for PMNs). [41] [42] [43] [44] [45] [46] Thus, variations on IL4 gene expression associated with the different haplotypes may have consequences for the phenotypical characteristics of immune cells.
Hap-2 haplotype is associated lower expression of IL4 and increased expression of IL8, IL12 and TNFA mRNA levels in neutrophils, monocytes and lymphocytes. Conversely, the same immune cell types isolated from donors presenting the Hap-1 haplotype show significantly greater expression of IL4 and reduced expression of IL-8, TNF-α and IL-12 (the latter is reduced only in monocytes). These results not only demonstrate that the haplotypes on IL4 gene are functional in terms of IL-4 expression but they also suggest that these haplotypes have a more 'global' effect on the immune response, represented by the skewing towards a general anti-inflammatory/reparative phenotype (M2/Th2/N2). These effects may be a direct result of the contrasting levels of IL-4 produced by cells from donors presenting the different haplotypes and influencing the microenvironment. Alternatively, differences in the patient's genetic carriage (considering the IL4 haplotypes) could lead to chromatin changes at the signature cytokine loci (IFN-gamma/Th1 and IL-4/ Th2), which could interfere at the level of Th1/Th2 differentiation. 47 Future studies will investigate possible regulatory factors responsible for gene regulation.
Intriguingly, presence of the Hap-2 haplotype did not induce an M2 phenotype as assessed by flow cytometry (in contrast with a significant decrease on IL-12 mRNA expression by monocytes); however, this may be related with the fact that we used monocytes and not differentiated macrophages in these studies. Importantly, the analysis of secreted cytokines by the complex population of peripheral immune cells (experiments stimulating whole blood) supports this 'global' impact of the different IL4 gene haplotypes on the immune response, as cells from donors presenting Hap-1 haplotype had increased levels of antiinflammatory cytokines (IL-1RA and IL-4), and cells from individuals presenting the Hap-2 haplotype showed increased levels of pro-inflammatory cytokines/chemokines (TNF-α, IL-8, GM-CSF, IL-2R, IFN-gamma, IFN-alpha, IL-12 (p40/p70), IL-15, eotaxin, IP-10, MIG, MCP-1, MIP-1alfa, MIP-1β and RANTES). This shows that Hap-2 haplotype is associated with an exacerbated inflammatory profile and, thus, may be of relevance in chronic or acute inflammatory conditions of infectious, autoimmune or even in the immune response to various types of cancer. 48 In fact, presence of the CCI IL4 haplotype is associated with increased risk of multiple sclerosis. 26 The same haplotype is investigated here as part of the Hap-2 haplotype (TCI/CCI).
Functional analysis of the relative influence of each specific haplotype (TCI, CCI, CTI and TTD) using GFP reporter expression showed that the CTI IL4 haplotype is the most relevant for upregulation of IL4 promoter activity. The CTI haplotype increased GFP expression by 14-fold (PMA+I), twofold (IL-4 and anti-IL-12) and 1.5-fold (IL-1B) in comparison with reporter construct including only the − 590(T allele) in the promoter region (P). The variation in gene reporter expression with the distinct stimuli may suggest that the activation of different intracellular pathways and combination of DNA-binding protein (transcription factors/enhancer proteins/transcription repressors) factors. Alternatively, the different stimuli may induce production of other mediators that feedback on an autocrine loop to affect IL4 promoter activity. Future studies will look into the influence of the secreted proteins on IL4 promoter transcriptional activity of GFP in these constructs (or may be including polymorphisms in other genes of the 5q31 cytokine gene cluster), and also on the profile of DNA-binding proteins interacting with the IL4 promoter region. To our knowledge, this is the first study to use genetic constructs including intronic polymorphism VNTR (indel) to investigate the relative importance of distinct haplotypes on IL4 promoter activity.
Although the number of subjects included in this study allow for proper statistical inference, the verification of these results in samples of greater diversity of ethnicity will be relevant for the external validity of the information on the functionality of these IL4 gene haplotypes. Also, similarly to the fact that studying gene variations in haplotypes is more relevant than the study of SNPs; we cannot rule out that the IL4 gene haplotypes studied are accompanied by a myriad of other genetic variations (on the IL4 gene or other immune-related genes) that may also have a functional influence on the immune response. Nevertheless, the data presented has consistency and internal validity that supports a functional role for the haplotypes studied.
In summary, we show that the haplotypes studies are not only functional but also that these haplotypes have opposite effects on IL4 gene expression in PMNs, monocytes and T cells. Moreover, we expand these findings to demonstrate that these haplotypes on IL4 gene have a global effect in the phenotypical polarization of the immune response: prominently anti-inflammatory for Hap-1 and pro-inflammatory for Hap-2. Finally, we identify the CTI haplotype as the most relevant variation associated with increased IL4 promoter activity. This information will be expanded in future studies looking at the biological mechanisms mediating these functional effects of Hap-1 and Hap-2 haplotypes, which may provide insight into novel therapeutic strategies for conditions associated with dysregulated/exacerbated immune response. Identification of CTI haplotype as the most important genetic variation for the increased activity of IL4 promoter may be useful for risk analysis in disease prevention and treatment.
MATERIALS AND METHODS Individuals
Individuals carrying the CTI/TTD haplotype (Hap-1; n = 6) and TCI/CCI haplotype (Hap-2; n = 6) IL4 gene were confirmed by sequencing. This study was approved by the Committee Ethical Affairs (CAAE 18527813.7.0000.5416). Sample size calculation was performed by the DDS Research (Sample Size Calculator, Average, two sample) utilizing IL4 gene expression values of samples from a pilot study. This calculation determined six subjects of each genotype with the ability to detect as significant (at the 80% confidence level) differences of 0.3 units on the averaged values with an estimated variation of 0.6 units. Utilizing the obtained data at the end of this study, power calculation analyses were performed also by the DDS Research, showing that for gene expression, protein concentration and flow cytometry, statistical power was greater than 80%. Therefore, a total sample size of six individuals was enough to have a sufficient power to detect differences between the groups for the evaluated data. Peripheral blood was collected by venipuncture always in the morning, with a fasting period of no less than 8 h. A total of five vacutainers (EDTA/K3-containing vacutainer tubes, Becton Dickinson Co., Franklin Lakes, NJ, USA), in a total volume of~20 ml, were collected from each subject. All subjects were in good general health and did not make continuous use of any medication. Exclusion criteria were: use of antibiotics or of steroidal or non-steroidal anti-inflammatories in the previous past four months; current or past history of smoking, any autoimmune/allergic conditions, or any systemic disease with influence on the immune system, current pregnancy or lactation. The selected individuals consented to participate in this study, and a double-blinded researcher (G.A.) conducts the in vitro experiments.
Gene expression assay
Peripheral blood from the individuals was drawn into a vacutainer bloodcollecting tube with EDTA/K3. Separation of nucleated cells was performed by a double gradient of Histopaque (Sigma, St Louis, MO, USA). After initial separation of neutrophils and PBMCs, monocytes and lymphocytes were isolated from other PBMCs using negative selection magnetic bead-based sorting (Dynabeads untouched human monocytes kit, #11350D; Dynabeads untouched human T cells kit, #11344D, Invitrogen). After separation, all cells were cultured overnight in RPMI 1640 supplemented with 1% heatinactivated fetal bovine serum. Lymphocytes were activated with CD3/ CD28 antibodies (Dynabeads Human T-Activator, #11131D, Invitrogen) for 7 h. After activation, concentration of cells was adjusted to 5 × 10 5 cells per ml for the 4 h stimulation (period established in a pilot study-data not shown) with with 50 ng ml − 1 of PMA (Sigma) in addition to 500 ng ml − 1 of ionomycin calcium salt (I) (Sigma) or 5 ng ml − 1 of recombinant human interleukin-1β (IL-1 β; R & D Systems, Minneapolis, MN, USA) or medium only (control). Total RNA was extracted using an affinity column system including treatment to eliminate possible genomic DNA contaminants (RNAqueous kit, Ambion Inc., Austin, TX, USA). RNA was quantitated on a microvolume spectrophotometer (NanoView Plus, GE Healthcare, Munich, Germany) and 300 ng were used for cDNA synthesis using random hexamer primers and reverse transcriptase (High Capacity cDNA Reverse Transcription Kit, Applied Biosystems, Carlsbad, CA, USA). Real-time PCR was performed using TaqMan chemistry (Applied Biosystems) and pre-designed and optimized sets of primers and probe (Gene expression assays, Applied Biosystems) for detection of IL4 (NM_000589.2; cat#Hs00174122_m1), IL8 (NM_000584.3;cat#Hs00174103_m1), IL12A (NM_000882.3;cat#Hs01073447_m1), TNFA (NM_000594.2;cat#Hs01113624_g1). Expression of GAPDH (NM_002046.4;cat#Hs02758991_g1) was used as the endogenous control. Three independent experiments were performed in triplicate for each stimulus. The data was analyzed as relative changes to unstimulated controls by the DDCt method using the thermocycler's software (StepOne Plus, Applied Biosystems). Since all experimental conditions were performed in aliquots of cells from every individual donor, regulation of target gene expression was determined as fold change over non-stimulated control for each donor, to account for individual variations in gene expression. The fold change values for each target gene in each of the six donors were then averaged according to the Hap-1 and Hap-2 genotype.
Cytokine production Equal volumes of whole blood containing 1 × 10 6 PBMCs and RPMI 1640 supplemented with 20% heat-inactivated fetal bovine serum were combined and immediately stimulated PMA+Ionomycin for 12 h at 37°C in a 5% CO 2 atmosphere. Levels of cytokines were measured in whole blood using a bead-based multiplex assay (Human Cytokine 25-Plex Panel, cat#LHC0009, Invitrogen) utilizing the Bio-plex 200 (Bio-Rad, Hercules, CA, USA; Invitrogen), following the manufacturer's instructions. The experiments were performed and analyzed in duplicate. Three independent experiments were performed in triplicate for each stimulus.
Immunophenotyping
Equal volumes of whole blood containing 1 × 10 6 PBMCs and RPMI 1640 supplemented with 20% heat-inactivated fetal bovine serum were combined and immediately stimulated with PMA (50 ng ml − 1 )+Ionomycin (500 ng ml − 1 ) for 72 h at 37°C in a 5% CO 2 atmosphere. After stimulation, collection of samples included both non-attached cells, which were transferred to a tube, and the attached cells, which were detached with enzyme-free cell dissociation buffer (Gibco, Life Technologies, Carlsbad, CA, USA), and combined in the same tube containing the non-attached cells. Erythrocytes were lysed by incubation with FACS Lysing solution for 10 min (FACS Lysing Solution, BD Biosciences, San Jose, CA, USA). The leukocytes were collected by centrifugation (400 g, 5 min, RT), counted and adjusted to 1 × 10 6 cells per ml. These samples were then separated in three aliquots and two aliquots were stained for CD4/PeCy7 (T-helper cell marker; cat#348789, BD Biosciences) and the remaining aliquot stained for CD14/PeCy7 (monocyte marker; cat#557742, BD Biosciences) for 30 min in the dark. Cells in all three aliquots were permeabilized with saponincontaining buffer (Cytoperm, BD Biosciences) for 15 min. The two CD4-stained aliquots were subsequently stained for either IFNγ fluorescein isothiocyanate (FITC) (cat#552882)/IL-4 PE (cat#559333) or IL-17 pycoerythrin (PE) (cat#560436)/FoxP3 AlexaFluor 488 (cat#561181); whereas CD14-stained aliquots were stained for IL-12 FITC (cat#554574) and IL-10 PE (cat#554706). Staining was performed for 40 min in the dark according to the manufacturer's instructions. Aliquots of these leukocytes were used for the preparation of experimentally stained samples, as well as the instrument controls, which included: unstained samples, single fluorophore-stained samples and isotype-control samples. These were all prepared following the same protocol, regarding dilution/staining buffer, number of washes and conditions of staining (concentration of antibodies and incubation period). Acquisition of data was always preceded by the verification of the performance of the flow cytometer (FACSVerse, BD Biosciences) using CS&T Research Beads (cat#650621, BD Biosciences), as recommended by the manufacturer. The acquisition strategy included setting up a side (SSC) × forward (FSC) scatter dot-blot, used to exclude cell debris. The first gate (P1) was set upon this plot to include all three main types of leukocytes (lymphocytes, monocytes and granulocytes) based on cell size and complexity. Two additional dot blots (FSCArea × FSC-Width and SSC-Area × SSC-Width) were set up to exclude doublets and cell 'clumps', generating P2 (considering only 'P1' events, that is, leukocytes minus cell debris and excluding cell doublets) and P3 (considering only 'P2' events, that is, leukocytes and a 'second pass' to exclude cell doublets). A fourth dot plot (considering only 'P3' events) was set up with the parameters SSC-A × PE-Cy7 to identify both CD4+ and CD14+ cells, both stained by PE-Cy7-conjugated primary antibodies, generating 'P4' for CD4+ or CD14+ cells. Finally, a dot plot including the parameters FITC × PE (considering only 'P4' events) was used to assess Th1/ Th2 (aliquot#1, IFNg/IL4) Treg/Th17 (aliquot#2, IL17A/FoxP3) and M1/M2 (aliquot#3, IL12/IL-10) using quadrant gates. Before data acquisition, unstained samples were used to set up the correct voltages of all Role of IL4 haplotypes in immunity G Anovazzi et al photomultiplier tube. Then samples stained with a single antibody/ fluorophore (PE-Cy7, PE and FITC) were used to adjust voltage of the photomultiplier tube for each channel and also the compensation between FITC and PE channels. Finally, aliquots of the samples stained with irrelevant isotype-matched control antibodies conjugated to the same fluorophores were used to verify false-positives due to nonspecific binding to Fc receptors. A total of 300.000 events were acquired for each experimental sample, and data was analyzed using the cytometer's software (BD FACSuite, BD Biosciences). Three independent experiments were performed in triplicate for each stimulus.
Construction of IL4 haplotypes in GFP reporter vector
Plasmid GFP reporter vectors (pAcGFP1-1, Clontech Lab. Inc, cat#632497, Mountain View, CA, USA) were constructed by the GenScript Company such that the gene reporter expression (GFP) is under control of the proximal IL4 promoter (1.18 kb fragment, GenBank # M23442.1, comprising the − 590 and +33 SNPs). Moreover, due to the importance of investigating the potential functionality of the VNTR (indel) polymorphism in the third intron of the IL4 gene, a 2.6 kb sequence corresponding to this intron was inserted immediately after the coding sequence of the GFP reporter gene vector and before the poly-A site of the GFP reporter vector (pAcGFP1-1, Clontech Lab. Inc.) (Figure 1b) . Han et al. used similar construction in 2012 49 to investigate the transcriptional effect of an intronic polymorphism in the MYLK gene.
Site-directed mutagenesis
Two site-directed mutageneses were performed to obtain the CCI and CTI constructs (Table 1 ) from the original TCI plasmid construct synthesized by GenScript. Primers were designed for these site-directed mutations (SnapGene software, GSL Biotech, Chicago, IL, USA) ( Table 1) . The PCR for site-directed mutagenesis was performed with Phusion kit (New England Biolabs, Inc. Ipswich, MA, USA) and the polymerization reaction was performed in thermocycler (GeneAmp PCR System 9700 thermocycler, Applied Biosystems). The PCR product was transformed in competent Eshcherichia coli DH5α by thermal shock, and the plasmid purification was done with column-based Kit (QIAprep Spin Miniprep kit, Qiagen GmbH, Hilden, Germany) according to manufacturer's protocol. The plasmid DNA samples were quantitated in a spectrophotometer (NanoView Plus, GE Healthcare). The product was confirmed by sequencing (Big Dye Terminator kit v3.1 Cycle Sequencing Kit, Applied Biosystems). The quality and reliability of the sequenced products were checked (Sequence Scanner v 2.0 software, Applied Biosystems), and global multiple alignment was performed using the ClustalW2 and compared with the sequence according to the construct synthesized by GenScript (M23442 GenBank database). Thus, the plasmid containing the CCI mutation was used for site-directed mutagenesis reaction to obtain the CTI mutation.
Transfection and GFP reporter assays
The plasmid containing only the promoter sequence of the IL4 gene without the presence of SNPs +33(C/T) and VNTR (indel), referred to here as Promoter (P), the TCI and TTD plasmids (prepared by GenScript) and the CCI and CTI (mutagenized plasmids) were transiently transfected by combination of electroporation/cationic reagents (Neon system, Invitrogen) into the JM cells (human T lymphocytes), and the effects of the different haplotypes in the promoter and/or intron regions on the expression of GFP reporter gene were evaluated by flow cytometry. JM cells (2 × 10 7 cells per ml) were transfected with 10 μg of plasmid and the parameters used were: 1350 V, 10 ms and three pulses. After transfection, cells were incubated with RPMI 1640 medium supplemented with 10% fetal bovine serum for 24 h to recover. The cells were then stimulated for another 24 h with PMA (50 ng ml − 1 )/Ionomycin (500 ng ml − 1 ), IL-1β (5 mg ml − 1 ) and IL-4 (50ng ml − 1 ; cat# 554605, BD Biosciences) with anti-IL-12 (1 mg ml − 1 ; cat#554659, BD Biosciences) (to induce polarization towards the Th2 phenotype) and GFP expression was assessed by flow cytometry. Three independent experiments were performed in triplicate for each stimulus.
Statistical Analysis
To compare the outcomes of interest according to the IL4 haplotypes, analysis of variance and the unpaired t-test were performed utilizing the GraphPad Prism software (GraphPad Software, La Jolla, CA, USA). Differences were considered statistically significant at Po0.05. Mutation site from the first nucleotide of the cloned promoter. In bold and underlines are the mutated nucleotide by the site-directed mutagenesis reaction.
